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Abstract of JP2001 203804 
PROBLEM TO BE SOLVED: To provide an 
inexpensive and reliable digital access 
arrangement(DAA), with which power can be 
partially supplied at least by available line 
currents provide by various countries. 
SOLUTION: This DAA adaptively enables 
operation suitable as the condition guarantee 
with power supplied from a telephone line, which 
it satisfies requested conditions related to a 
number of countries. Concerning a line power 
codec, register setting such as register setting for 
specified country, for example, is used for a 
startup procedure for an international line 
powered codec, and this is supplied and held 
with power from the low-voltage side (for 
example PC or modem side) of the line powered 
codec. Thus, the programmed state of the line 
powered codec can be kept even during the low 
line power state. Therefore, the line powered 
codec is not always returned into default state by 
reset caused by power loss within a telephone 
circuit. 
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[0 0 4 0] 5-f>/V7-F3— 7*** 1 OOCOX^- 

[o o 4 1 ] m i w«!n wm£, vim a) it. vbjsimi 

*8tf*77y*fc:ft»), 5-f >/V7— Kn— ^'y^U 

■b y h««<o$sT-a»sffljwwii#ratcBa-rso 35204* 

IS «J8B) tt, 3-T77 1 oofoms© 

^3co«?i (mi*, t#§o a, 7-f>^7-Kn- 

x-y^ 1 0 0(D7'1'>/W- F3>,f-^> 

£0, 7-f>/W-K3-f7 7 1 0 0CO^-T>/^7- 

-r^jStcraf-So 7Y^7-H3-f77 1 ooti, 
a, mar, J84(o«»D4:Bftfnt§*t><o*»ia-r 

S» ttflDa, X^-h-y^WOiRT^-rja^^SI 
T'fcSo 

C004 2] «fl8A^P.C$T'Ol(imi, Bl. 
If 3 *#«a LTS b\c$m\c.Wf\+Zo 
[0 0 4 3] jflStA i CffHx.{f. O&l'Llms) 

fa#uc, ^t-'i, (dsp i 0 2^iriy) a, 7-r>/^7 

-H3-T7 7 1 0 0£*77-y^cU JSt&fcifil*[Hl 
«?Biffi*3ltmL&&a&5o COttflg (BPS, tt&JA) (C 
tSl^X. 3—7vy* 1 0 2£>±-5g&n>#-*:/K HP 
S3— r-y 7CD7l'>'^7- K3>#— hj^U-fcy 
McfcSo iina, x^>M 4 7 lC&^TJtttn& 

mk.X'<DX4 y¥-n#mt&£ tic* o^^nri/^o 

X^y^l 4 7 {i, fttfiftl 2 OOWSRSKfcSo 4a 
tt, ib^>M 4 7a. 3BH5ftJ6C»-p*5, j&& 

« n/c his© x ■< v ^ x-$> s amato-f l t, a i \, x -f 

•y 1 4 7 0>M!B&+& t C 5a. 1 2 0 *-H$W 

lC$gl&LT\ =j"7777X^-h7 -y 7 , ^JlWO«]46tC*> 
l*T*SftfI©Ii 7D- Y>y (flowing) ^#SC 

[0 0 4 4] Z3— r y-7 1 0 2©7^ W7— K3># 
- * > h a „ * 7 7 -y * ^<S»C 33tt S WtJTJ 'j I * & L 

2ft§is*ffi±o&/h2i^fL ma\ mmmmfrib 

[0 0 4 5] ttABAonnic, ^-y7t^a-5«Ea, -t 
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>h7^7^Xl 4 0'\O3@l8|5Iffi%KirSflt'r5- 

7jt\ mz.i£5v\mmznzc£ic% 

So COMtfel'T, 3-T7 7tf)f7 7Iijlt (1 T) 

a, W*«"8 OmAtC&So 

[0 0 4 6] *8W«0C<D«Jffi»C«J:ft«\ 3-T7 7 1 
OOWDC'SJffiiHSt^a-iH 1 8tt. Iijfflnlflgftm 
iffifBtfn— f>y^ 1 0 0cD^-f>/*7— K3>;#-*y 

ts/c46cf7 7ts ( i t) £$i?rf angy-y k 

10 €->*a-;H 1 2a, 3>/^U-^@SS*fea(s|«l(0lH] 

s& $ fc a +»4',iiaw«-iti fiiHi«ft» e> -j i s m ? nx ^ s 

if i fr1t&&* 5 ItibnT's* >i>-?u -b xfft So 
[0 0 4 7] 'liSSt^-y Kti/"a-;l/ 1 1 2^#iJffl«J^* 

•y^lOOa, U-feyKO**. EP-e«ffiA£D$Slc;5: 
So 1 2^\ mS^ffl 

ottfifi ? i * m z nx ^s fijffl »im%mva<Dm 
20 (MAtf, «sb) jcaso corMmmm 

f S fci&CfiiSlHlUfr 6 ^ I # m * tl 5 +^*€i?ita . 1 
m s (DmJZ<D'&')>% (ttlOmA OfflT'feSo 
[0 0 4 8] ^fll B : (fftl^fcf. Ims^'lfims) 
KSA^. 7^>M7-Kn-f'y7l OOCJBStS 

So 

[0 0 4 9] KlBBtC^l'T. WWJ-b-y (« 
30 JIA) a, xT 7 It— H (de-asserted ) Ztl. 3— rry 

* 1 0 0O7^>/W-H3>#-^>h©il^iftfW 

COBffijcfca^T, ED^fS?3it (IP^, ^-y7ttSit) it. 
H«4-r7*;l/Hi, IfiJ^ai OmAWt-^-^l 
0 8^iO^$nS 1 OmAtC^^tlSo 

[0050] *^w<o^:a»cJ:na, -r>tf-^>xi 

2 StiiD' 1 3 Oa, 02tC;^?nT^SJ:5(Ct*:!gB 

>X 1 2 8, 1 3 0a, St*p+ + /^^ 13 0 (C r e 
40 f ) ^^TSW^mmi 2 8 (R r e f ) <m9\WSO^ 
^^:S„ 

[0 0 5 1 ] -T>k?-^>X 1 2 8, 13 0^:?tmt-S 

a»KP-f>o/t*6K:. t-*7 * ji> b mm (m a\ mm 

*'>'zl-j11 0 8fc<fcr>a2:AE£ftS 1 0mA) Hffj£ 

HWM$nsci:a*^„ UcAbt, ttfiBa, f 
>e-y>x 12 8, 13 O'NCSvli^S'^b-fsr i: 

*vjm\ctzi-ft%;mmmffi? setter s 0 

y">Xl 2 8, l 3 Ofctt-rSTcitta, i2i:^sm 
l»5iit, ^n*^^U^;KDfi»Jx.a9 0%tc5iJiIL 
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[0 0 5 2] f?ij*(f, m2lcmtlX\,^£ ; ?lC. Ctl 
^cOf 12 8. 13 OZftMt 

to&m*mttffl&* 5iU0 (ms) ?°&Zo £<D% 
■£<mm (W*tf, 5ms) ii, 7-tn^lDlSMsJ:tfD 

■9- (dsp) 7^/u*) jWfiBE^frscttnriik: 1 *- 

So 

[00 5 3] D A A 3 > * > h ftfcft 
(ffllx. tf . tfflg A CD 1 m s ft, *J«t tf «!8 B05ms 
ft) , MlCtcASo 10 
[0 0 5 1] KMC : (Bmsftlr'LZIlms) 

■b-ytf (ffj^tf. TS/fr/l/S/^-fvl/T'n-fe-ytf (DS 

p) ) i*«oiiai*nfcDC7-f-H/wf*i<ftff**» 
So *^WM^ti/-; d c 7 ^ - K/^v Titian 

fi\ ■9-#-h-r*ra-b-y-9- (fWAtf, DS P 1 0 2) 

[0 0 5 5] anSfflfiJSfc LTflK fc&lc, dspio 
2«, A/D3>A-* 1 0 6£<£fflLT^ y7vjf/±£ 
fflJfrfrSo ^••v7 p ?BEE^<iS{CiS-^^T, DSP 1 0 2 20 
14, f^"?;l//7to^ (D/A) 3>/<— 

jiiaifls-rscfccko. ^•y7°it^»fi£3g;&-tSo 

LfttfoT, DSP102I4, fflBl£MK\tt92nfc$ 

wfz omsrtti*jE*n*ci:*«ffiE-r«. 

[0 0 5 6] LfttfoT, ffi ; J@ £ ft fc DC 7^ -K'vy 
*<D"*#-h*fl!/IJLT, V[i,ii5|H|ISJcO^-y-7°Vtii5it (I 

fts» 

[00 5 7] 2 0 111 s »ffi/hB#BB;bvgijiiit£Bg-r5(J tfo 

<D@»®atfe«ttfiRmW[ffl(±, «FSL<tt. DSP*© 
V 7 h 7 x 7/^7 * - * IC «fc *) -f P A uffillC MflPS 
ft, "y^yrtV— K3~ 1 0 O££<cQEI*T*0) 
{gffl£«Jfi6t<:-rSo 
[0 0 5 8] jj|B : (2 0msft^LiSffifflRB) 
#!BC<of£ (EP^, fo^RttTQilOlc) , >/XfA 40 

c p- K7-Y>ii, a cffl#K:j:SM«ft»5«SSft* 
ci:tcftSo c<D@W©fci6ti:, DSP«, yXfAA' 
A t ft-f >^-7 * t LXmmiCtt LXM.7L S i 3 ic D 

[0 0 5 9] SSa-rntf, 

rv* 1 0 0<D7-f-K/^y^<caKiaa, DCIC«Ir£ 
ftPSOifil^rt-y ht7l]«ttno-/U7^;W 
i:LT«8fig-rSo cftli, DCffi©ISi»gfttffett J f>& 
BT*ft^fr5T'&4. fv^/l/S'y-Jvl'T'n-fe-y-tf- (D 50 



W2 0 0 1 - 2 0 3 8 0 4 
12 

s p) a^ti&^^^fcifo.fcsicx^u-h-rs 
*><oa«i43iw«, %mmmm no. 09/310.021. ni 

ed May 11. 1999. entitled "Digital Cyrator". by J. 
Fischer. D. Laturell. and L. Smith KMtt^ftTV 

So 

[0 0 6 0] ±aLfc9-f >W7-K3— T'y?<DM9} 
ft/*"7-7 -y T^lfc 9 #< KUWato* T, >/<«7— 

*t4, ftt^tTI/^HSSlHl^ilfcttSfg^ 

IL^v^-^xaott^ 3-;U70 vfOH 
^77y^7ttfi^llf , i-rSut^T'^S7l'WW-K 
3~r\y *«n£ftS 0 *51*iyj©uft6<D|l!Jifii43J:tf 

£r«Jt£{<:"f So 

[0 0 6 1] lfi#*<03KOil*ti, f77"/')yy'f 
!±W7<?7-4 7ftiia§<DRS 0 h CfiT-f 5 c fctft? 
* . fflcT LfttEff L"^/H4 4 00msST'0#;^©$ 

7*/ 'J y U"<;l/#[llttS ft fc*i£, IBfilalMLhfO 

(OtftgQBtt, iftl <♦ 6 < 0 #^ h OS S T* 

A) ^vliE^Ko fc t $££?5-r^£fr& if to^T Vi 
ft 5 tttt* W-r 5 C t A<T't -So 
[0 0 6 2] ttaS^tf^-t-y hZ-y^-TSfcfelc, ii« 

h7-y7'*'fv-4{&Jffll-r«, 4o c ta r *77'y^|c-rs 
i 5 IC 7*P y 5 A * ftfc (/ K o fr« 7p y 5- "7 7;bU 
x**&tr« LfrL, cfttt, tf-'AtoiaUffigP (BP 
IH^ffliJ) tcE^ns^-O/W-KP-x-y^tcfc 

[0 0 6 3] MAtf, @^ (EP^, 3-v7/*)y?) co 

y/iy- Yi-T-jtlZ V-tyh ^-a-ens c t left 
S„ *«0ft, m7 l ]^-t>h7^^7^XA^fl:f5(Hl^tC 
^XSmntntzt^. ^jy/W-Yi— r-y^tt, PI 
OV^7-7-y7L. ZCDrytAthVim. EP^^>7-y 
^«^l(CASo 

[0 0 6 4] cnti, ii't©3>'hP-vA ,: lHl^©ai± 
(EP-6. ^•y7/Uyyv||E) *«^OMttLfc3&»OJJl« 
SfiLftl^T, tfLC3>hD-7 «5iJ*Ji\ DS 
P) KJ*LTH»ftBI)W{bHH*flfei:, LfctfoT, 

~7ytW8\C. mz.l£l SmsftyCl 5 m k\Z=>4y* 
7- K3-fv **SffIt C ttf-pt4^5J(!6tt*«J5 
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[0 0 6 5] ^ifltoccofflffitcintf. 3-;l/7"0 v 
~>~ (Eii-^, ^■yy/u>y?i/±^o VDCtCfgT-rSd 

fc) (4, j£/jumft&llfa(73>#-*>h£x^^ 
Y >fc «fc XSXJ v ^-7*7 h *Si&Sft Lie, £ < ©B* 

[0067] wic. lantcfct^T. 5-r>/<7— K3- 
^r^ty„ 1gvtt8bV4 o 2$J:tf«ifttfiKi&4 0 4 (4. HUflu 

(5cg8S3M 0 2(i> 7-0^7— K3— x-yJM 0 0<D 

tis ^'1^4 o 2 tmmnm4 o 4 tcop^aia-rs 

[0 0 6 8] ffifgffiftH 0 4(1 ^cQi^x^fcit/* 
2 0»'T7-l'^N7-K3-f7^4 0 0 

0(4. ^^w-^^roiifcSitiiBcstis^;/ 

A7- K3-T7 7 4 0 0K14. tiffin fflf 5 EDS§tD& 

[0 0 6 9] U5/X*fc«fctf*4'V-4 2 0a> 5>f> 
/^V- h*3— r y v400 QftffflEIM (KU^. SI 4 <DtE 

oh) „ m{nisiaiJS*^T'a«:<3t«^nrc^-vAi/ 

^©<J:9 4tMIf'WXl 7 1 *»6UHcie«*nT 
l/^o 7-f>/W— K3—r-y<7 4 0 0©^511E 
m H4»ti«l) tfcttSiSMiSitgM 0 4fr5H 

^J*»*3>#-*>H4, mt. -fc>r5/M-7-rX 

[0 0 7 0] '«E*«tmtSii^tblsl!S4 2 214. > 
/*7- F3-fy^4 0 OOU-fc-y htfflB®E9Q£il£llg 
•f©tEi!S*5J:tf®ffiU"</l/*fiME0"rSo 'i|E43<£tf®5ft 

^aiiHj!S4 2 2EjD+#aai«*><fctf«EJbM*a£n 

7 4 0 0 CD^jVBftSSfi 4 0 4£>/S r 7-7-y7 p £5Jfi££-f 5 
J&K 3i¥J£ X -r- h V i/- > P i/ >y 7 7°P -b 

[0071] wif/wx 1 7 1 (pijjtif, ftm? 

n/"c+^/^>^) «, 7^f>/W- K3-- r-y^4 0 0 
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[0 0 7 2] IftftHCfcl^T. K3— ■ T7 7 

4 0 0(4, WJittitT 2*3 > ha-7 1 0 2t>mfe<r)* 
77y*&m\£y h*7l'>A7-K3-7 r -y^4 0 0 
£0(ft^S5ESP 4 0 ZttKO&VfeUi/X* 4 2 

T, 4 1 OWn&Xjy+yyt&mKZtlT. ttffi 

[0 0 7 3] 7 4'>^7-Kn-f"/7 4 0 0 ©ftHiffi 
3154 0 4 tOl*)gP(D'lE/m^tB ; e> ; a-/U4 2 2(4. 
10 EifelcDfaEfccfctf'gffit (EPS, f7 7"/yy7"lK4 
tfviijffi) *fiSWTS. vHEtJctmii^cOiifijTYA^ 
/^7- K3-T77 4 0 0<Di!V4t8S;*4 0 4 ^3 

ytW— K3— r y 74 00 (&{6SBi!S8& 4 0 2 (c 
jgSftT, {£Hij/itg|54 0 2 4»«^'fv-4 2 OfC-SoV 
T x h 7 v 7$ 4 v- i/->r y x* 7 7 f- 7W 

[0 0 7 4] 7^y^7-h'3-f'y7 4 0 0W7V7 
20 ;W7^xi 4 0frZ<DW%$i®ffi±<OW.E.&£'(f/£rc 

tt««bb^Bf*naiS^. ?BE*i«J:tf1Ki6ttaiHlB4 2 
2(4Hy-yX , U fgm^SP 4 0 2 4 5 »^Yv-4 2 OiC 

crat. -&Mffiffi4 o 4^7-ra^is^xsmom^ 

fi.nyhD-7 1 0 2^iK!£ft3'7 r -2(4. U-b-y 

30 [0 0 7 5] C«»J-b-y h^lCiS^T. 7-f^7- 
K3-T7 7 4 0 0 <Dta«i5f[g|5 4 0 2$*V> : ri?Zh<m& 
(4, ^mich^i^S^^lttf^Cilc^So 
cwfflijffitcinff. 7-f>/<7— K3— ry^4 0 0© 
{gUtftiSM 0 2f wu^x^^^-rsfcfttc^s^m 

flSfi^ «£SBftB$ffil, fflj^.(4*4 0 0ms ST^WW- 
F-3-fy ^ 4 0 0»W±fflJ*^«*&?n5C,>:t 

[0 0 7 6] tfi3>hD-7 1 0 2(4. MKlStru 
"J >? \m S fc ttffloaiifi^fe «t ^95* -V / ^ 6 
40 (Oft] X (4"^ + - y k! > b T «&Hftm*J*0t 

itS-TSo ft-y#>7 , (i, 3-^7"U>y->*OPig. ii*^ 
(c/Js$<^oJ:0^ffl^iI^fi3+^/^>^ 17 1** 
(g?S«t3l5 4 0 2 § fc a6 (c ffiffl * n 5 c i: % nflg 

toifitilW No. 09/192, 651, filed November 16, 1998. t; 
ntitled "Combination Clock And Charge PumpFor Line 

Powered DAA", by I.E. Fuehrer. K.E. Hollenbach. 
D. Laturell, and S.B. WitmertcMK^ftT^So 

[0 0 7 7] CC0P#ji>(Ct5t^T. 7^>/W-K3-f 
50 774 0 0 COfft'SftiSfl 4 0 2 <P (D±X <D U v X ^ 4 2 0 
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(i $$fc<o \Z v h * StsZ ti <b of 7 * k h ffl b ^ n b 

[0 0 7 8] (Hl^'l^^WtJitf-tyS^/I/^^^X'l 
l±A^^n§» ffljx.ti'4 00ms falcm-ofcfe. 
v8E:fcJ:tfWfi&tblH]&4 2 2fi, Xf-hv-/-yu 

e> ^ y ^ l , * f-r ;u x * - h 7 -y - 7- y 

Xtif£fJ£ftfc^V-;fcJ:tfU^X*4 2 0iaW< 
, Avllftt'j I $ m L MKjWIHj p X <0 ft 46 1 'J -fc -y He 
x?-h7-y7i/-7->x<D7*7V7ft:ti, 
5<f w^-Kn—ry* 1 0 o©fi«EIII*/<7-* 

vbsssbi 0 2tcfctt.5i^x**>j;tf*-f'-?-4 2 of 

gg^tttlcSIOM-rcttC^So v^>/W-Kn— r 
•yylO 0<0 1 95fBEIijO'l^l^-l'^;U»Bg , J-b-y hf 5 

«<i (mar, *-7^-v>7wm tmmnm^o 

/<!7- Fp— r-y * 4 0 0«, tfi3>hn-5l0 
2^b<DtBS^ffl*^S4:-r5Ci:*Ufc, Btf, 0U 
ti* 1 5ms fl{C#IJ;tti*'>£: < t & I 5mA <D'>& < fe 

tf^rApyhP-v 1 0 2frbi£:-.M££n-5^.tfc<D 
T'&ofc& l £, •.iiiSii'JItihL 1 5mA) £iW 

aa-r s fca6K*iB! t stiaas&ti, is l < ast-t * c 

[0 0 8 0] 05ti, 3-;U7"U>y^<DP^$fcti*77 
•y ^ttflloratc^ -y 7/ U > yiSSiOflficD^BrA^ o tz 
W<r>m 4 >/V7- Fp~ r«y ^Oi/jft-fc 

[00 8 1] ttfc, 05<DWCfel>T, •byh^Jl*? 
■{XI lOA^OfEEtt, K7g (a) tC^SntVSJ: 
3tC4 0 0ms iOt^^KiSTT^o K« (b) 
ti, vgJBE*3<t tFvgiSti^tf.lHlSS 4 2 2^b<DT^rw7fb 
imihti^to (c) fcitf (d) ti, SP»50 

U v-r>^7- Hp— r-y-? 4 0 0 cQia'SiSftSM 0 4 
4> T-I&m £ n 3 p > jK- * > h *1W * 7 7 -y * 7 ■< 
h'flVitB 5 0 4 tcAO. C T'tii^miJitSPP * > 
Mi, V-t-yhiKMlcUrctiZ>C£%7nt a C(D®gjc 
fci^T, '.1iE/'.tiiK«mi''l«4 2 2ti, Aot<S'J> 
yis £ tf /$ fc ti i oH^&vtffitf VftyfclttlCfij 3 

[0 0 8 2] ?gJ±U"~Ol/7b*-try h7W7^X 1 4 Ofr 
BjRoftt, X^-h7-y7i>-^>X5 0 fit>\ *j-< 
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h*P— r«y £4 0 0 (DteftftEgR 4 0 2*©Ui/ 
X^/^-Tv-4 2 OtC^-^tlfc^^V-fflfcctt/U 

vx^-Mtca-^'^T, fiig (b) tc^n-a^ck? 
tcT^7 L Y7fbii^tso'^TK)^n5o ^tr, a 
^to»j*)STB#pa, mtn 5 m s imc#ntK:a< . ^ 

-f>/W-FP-7 r >y^4 0 0cD^«jlit^4 0 4*«P 
>--K-*> MO*?? miS0i^*>5>^Si: 

10 -So 

[0 0 8 3] 5-0^7- F p— r-y 4 0 Oti, ^ 
ild> '.tttt|i«lliU:t+« , ar.1i»* t **«^<7-7 -y 7L 
*Oftff*d6«>T, 5-f>/V7-K3— r-y7 1 OOtf 

- h'3-f7 7 l 0 Oti, •byh7/l/t7-rxi 4 OA^ 
6«KlHl«LhT*|iJfflnrfiB4*^fi35i^+^T-*Sfci&lc 

L*ttnti*am©^-r >^7- Fp-7-*-y ^tD^o 

£ $ ft 5 7 - 7 <y 7 J: lfy< 7 - 2" 7 > tc J: K> 1 1 * 
20 tc, {ftm^ttf§tCfc^T/W-7^7LTti&b&(/\, 

*»w«>-ffliffi«)saK <t nti\ c cKM^sfts^-f 

W^7— FP— r«y^ 1 OOti, -^coj; -5 \c-?%>rctb(D 

£vtftt cmtf, 7mA) *9itai^iiufc^-r*o 
[0 0 8 4] ffiW*«£<tf:>H*fi, =f-"/-f/vy?n 

'fiUZ*77-v ZttM<D?3lC3 0 0 /i Afrb 5mA<DigH 
tctifg^^o 

30 [0 0 8 5] ^J^-tf, 121 6 ti, l&B (a) tc*5tt2>^7 
7-y^fB^, mi (b) tcfcttSSE^ttifl^, 
(c) K*5tt«itiSIH*tHfi#, *«ktf5^>/<7-K3 
-f7^ 1 0 0»^>7 7V*77 -y^^HltcW-rS 
tt^ (e) tc43tt§-t>h7^+7^xmfiSi^M^ ; &^ 
■To 3— r-y ^S«E«fflt4, fgV^tT*fet», end, 

mw%*TLmmctt?z+tt%®!&mt/iii3 i &< . p- 

r>y ^^"B^pI54 0 4#>)-t:-y htfSfcnTl <5C1 i:* 
[0 0 8 6] B8jl-T5gHifflf*ti, *7 f A*Hfc1'>lf 

1 1 r ft.* s «t 7 tc+^s < ^ttnti*^ e. 

ffi OT^, f'v7'/')>7'fffi) ^Hffibftl-'CtSS 
ii^£07-Y>^7-FP— r-y «lg(El^ 

[0 0 8 7] fi«J*(f, JftSWft^TAttiltS^ftlalJS 

ti 5 m a J: <o t>-k% <mZM?<nT\ ^uzmcicy 

VZZtlZ. *-y7'Kfctt31ttE*flrF£#» tf AC 

so Bgfij@!iS*^->^7^-a-s 0 ffiM®&tf*-y*-7? 
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terns. co>x*-b7u-t>xim*)Mi'zticiz*)* 
Coosa] immmizwrzmiznmvtm*. frfto 

■f Sft^l^iai^jgi: £ftft^ifiJ!incQ:3 y#-*y 

btsx zfi&m&mmr' U7,\cmz> mmMm&.*>& \ o 
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1 . Title of lovcotion 

MAINTAINING AN OFF-HOOK CONDITION IN A LINE POWERED DA A DURING A CALL 
BUDGE 

2. Claims 



1. A method of maintaining a Ine powered codec in an off-hoot condition 
through a low power cornftton during a call bridge, comprising: 

powering components of said Una powered codec from a telephone line 
5 used for an estabflshed cafl; and 

powering a register controifng an orvhook/off-hook status of said line 
powered codec from a voltage source other than said telephone ine; 

wherein said register retains said on-hook/off-hook status during a low 
power condition of said telephone line in an off-hook status insufficient to power said 
10 line powered components. 

2. The method of maintaining a tine powered codec in an off-hook condition 
through a low power condition during a call bridge according to daim 1, wherein: 

said low power condition is a power reset to said One powered codec 

3. The method of maintaining a (Ine powered codec In an off-hook condition 
IS through a low power condition during a cafl bridge according to daim 1. wherein: 

said vottage source Is a charge storage device charged from said low 
voltage side of an interface between said telephone line and said line powered codec. 

A. The method of maintaining a line powered codec In an off-hook condition 
through a low power condition during a can bridge according to daim 1. further 
20 comprising: 

resetting said fine powered components of said line powered codec 
during said low power condition. 

5. The method of maintaining a line powered codec in an off-hook condition 
through a low power condition during a call bridge according to daim 1. further 
25 comprising: 
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detecting an amount of voNage available from said telephone line ' 
during said off-hook condWon. 

6. The method of maintaining a arte powered codec in an off-hook condition 
through a tow power condition during a call bridge accorcSng to claim 5, wherein: 

said step of ottecong is performed during saJd tow power corKfition. 

7. The method of marrtaving a tne powered codec in an off-hook condition 
through a low power condition during a cal bridge according to claim 1, further 
comprising: 

determining if a sufficient amount of voltage is available from said 
telephone ine during said off-hook conoltion to power said line powered components. 

8. The method of maintaining a Ine powered codec In an off-hook condition 
through a taw power condition during a call bridge according to claim 1, further 
comprising: 

resetting a startup sequence timer during said tow power condition. 

9. The method of maintaining a line powered codec in an off-hook condition 
through a tow power condition during a cat bridge aoconJng to ctaim 1 , wherein: 

said low power condition is substantially 0 volts on said telephone line. 

10. Tne method of maintaining a Hne powered codec in an off-hook co nd i tion 
through a low power condition during a call bridge according to claim 1 , wherein: 

said low power conoltion is permitted to last for up to 400 mlliseconds. 

11. The method of maintaining a line powered codec in an off-hook condition 
through a low power conoltion during a cafi bridge according to claim 1, further 
comprising: 

after said low power condition ceases during said off-hook condition, 
quickly re-establishing dc current draw on said telephone line suitable for continued 
maintenance of said call. 
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12. Apparatus for maintaining a fine powered codec in an off-hook condition 
through a tow power contftJon during a cafl bridge, comprising: 

means for powering components of said line powered codec from a 
telephone line used for an established cal; and 

5 means for powering a register osntrofflng an on^hoofc/off-hook status of 

said ine powered codec from a voltage source other than said telephone Hne; 

wherein said means for powering said register retains said on-hook/off- 
hook status during a tow power condition of said telephone fine in an off-hook status 
insufficient to power said line powered components. 

10 13. The apparatus for nnaintalntng a line powered codec in an off-hook 

condition through a low power cond3flon during a call bridge according to claim 12, 
further comprising: 

means for resetting said line powered components of said line powered 
codec during saW low power condition. 

15 14- The apparatus for maintaining a fine powered codec in an off-hook 

condition through a low power condition during a call bridge according to claim 12, 
further comprising: 

means for detecting an amount of current available from said telephone 
line during said off-hook condition. 

20 15. The apparatus for maintaining a fine powered codec In an off-hook 

condition through a low power condition during a call bridge according to claim 14, 
wherein: 

said step of detecting is performed during seJd low voltage condition. 

16. The apparatus for maintaining a line powered codec in an off-hook 
25 condrfion through a low power condition during a cal bridge according to claim 12, 
further comprising: 
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means for determining if a sufficient amount of voltage Is avalable from 
said telephone fine during said off-hook condition to power said line powered 
components. 

17. The apparatus for maintaining a fine powered codec in an off-hook 
5 condition through a low power condrtton during a cafl bridge according to claim 12, 

further comprising: 

resetting a startup se quence timer during said low power condition. 

18. The apparatus for maintaining a line powered codec in an off-hook 
condition through a low power condition during a call bridge according to daim 12, 

0 wherein: 

said low power condtton is substantially 0 volts on said telephone line 

19. The apparatus tor mairttaWng a tine powered codec in an off-hook 
condition through a low power condition during a cal bridge according to daim 12, 
wherein: 

5 said low power condition is permitted to last for up to 400 milliseconds. 

2a The apparatus for maintaining a line powered codec in an off-hook 
condition through a low power condition during a call bridge according to daim 12. 
further comprising: 

means for quickly re-establishing dc current draw on said telephone 
0 Hrte suitable for continued maintenance of said cal bridge after said low power 
condition ceases during said off-hook condition. 

21. The apparatus for maintaining a line powered codec in an off-hook 
condition through a low power condition during a call bridge according to claim 12, 
wherein: 

5 said voltage source is a charge storage device charged from said low 

voltage side. 
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22. A In* powered codec capable of retaining an off-hook condition during a- 
cafl bridge, said Una powered codec comprising: 

a high current portion powered by a telephone line coupled to said fine 
powered codec; and 

a low currant portion powered by a voftage source other than said 
telephone line, said tow current portion Including a register that stores an on-hook/off- 
hook status of said line powered codec. 

23. The fine powered codec capable of retaining an off-hook condition during 
a cal bridge according to claim 22, wherein: 

said register retains said orvhook/off-hook status during a low power 
condition of said telephone fine in an off-hook status Insufficient to power line 
powered components of said line powered codec. 
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pfrffl Of TTw tnvwttftn 

This invention relate* to a Ine Interface for data access arrangements (DAA). 
5 Mora particularly, it rotates to an adaptive Ine powered codec. 

Baetaraufid Of Relsted Ait 

Many portable computer devices utiBta modems and other data devices for 
communicating over a telephone fine. In such devices, battery size and weight Is an 
important consideration. A balance must be reached between the size and weight of 
10 the overall device, which is dictated largely by the choice of battery, and an 
acceptable length of operation between charges. 

Unfortunately, although operating an acceptable length of ttme when 
running typical application programs, the modems and other data communication 
devices of a portable computer utSze a large amount of p ower when communicating 

15 over a telephone line. The battery source which powers both the portabie computer 
device and its modem Is typteaty sized for general computing applications, and runs 
out of power quickly when actively communicating over a telephone fine through a 
modem. Portable computer devices such as personal dgital assistants (PDAs), hand 
held PCs (HPC), PCMCIA modems, and portable data terminals are designed to 

20 operate up to several hours on a single battery charge, but operate only fractions of 
an hour on a single battery charge when communicating via modem. Thus, although 
portable computer devices operate a sufficient length of time for quick data transfers 
over a modem powered completely by a battery, they typically require that external 
AC power be applied to alow tor longer uses of the modem, it is therefore desirable 

25 for battery powered computer devices including a modem to draw power, in adcitiot 
to the inherent battery, from a secondary power source. 

The DC power inherent in a telephone Rne provides a convenient source of 
power, but there are often limitations and restrictions which limit the ability of a 
modem to derive power from the telephone Ine. For instance, present regulations In 
30 the United States are such that significant current may only be drawn from the 
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telephone ine when the telephone or modem Is In an off-hook or active condition. In 
ocder to hold the telephone ine in an off-hook condition, current hi the approximate 
nance of 13 milllamps (mA) to ISO mA must be drawn. Thus, the maximum amount of 
current drawn from the telephone fine is fimftad. 

5 Modems which are designed to be powere d entirely from the telephone line 

are known, but these designs either suffer from an extremely con strain ed power 
budget or are wasteful of the avaiable current Moreover, modems Nn general are 
also subject to government con s trai nts , e.g.. FCC Part 68 requirements for 
telephones in the U.S., and i m it a tio ns on effects and noise which may be placed beck 
10 on the telephone fine, placing further r estrictions on the use of power from the 
telephone line. 

An exemplary line powered modem Is described in U.S. Application No. 
09/028,061, entitled 'Low Noise Line Powered QAA With Feedback* by Hdlenbach et 
al. filed February 23, 1998, the entirety of which is expUcttfy incorporated herein by 
1 5 reference. 

A Data Access Arrangement (QAA) provides the physical interface between e 
data source such as a modem, and a telephone line. The QAA Is responsible for 
presenting the proper DC term i nation and AC modulation characteristics to the 
telephone line. For instance, the QAA must draw a minimum amount of DC current 

20 when in the off-hook condition to hold the telephone line in an off-hook condition, but 
at the same time must draw no more than a maximum amount of current whle In the 
off-hook condition. Thus, the DC termination or load must be within prescribed limits 
corresponding to the pertinent telephone standards of the country in which the DAA Is 
being used. Accordingly, the modem must operate with no more than the prescribed 

25 maximum current avaiable from a telephone line ti the particular country in which the 
DAA is being used. 

In today's global economy, it b desirable to design and manufacture products 
for use in any of a plurality of different countries, not Just for a single country. 
However, the regulations with respect to the minimum and maximum amount of 
30 current the customer premises equipment must draw (i.e., the DC load) to meet the 
off-hook specifications varies greatly m different countries. Thus, a DAA used In on» 
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country must provide characteristics to a telephone Una which may be and often are 
entirely oUTerent from the characteristics presented by a DsAA used hi another country. 
Accordingly, manufacturers conventional/ manufacture Afferent DAAs inducing 
different physical components for each of the varying countries, or manufacture a 
5 DAA with termination components which are switched In and out based on the 
requirements of the particular country In which the device Is used. Manufacture of 
separata DAAs for separate countries, and/or the manufacture of DAAs having 
swttchabie components for use In various countries, increases the overall costs of 
provkang such DAAs In a global marketplace. Moreover, the reHabOtty may be 
10 degraded due to the higher parts count 

There is a need for a cost effective and refiabJe DAA capable of being 
powered at least in part by the available «ne current presented by the various 
countries. 

SMPBMtt Of Tfl9 hMflflgD 

15 In accordance with the principles of the present invention, a method of 

maintaining a line powered codec in an off-hook condition through a low power 
condition during a cafi bridge comprises powering components of the One powered 
codec from a telephone fine used for an established caJ bridge. A register controUng 
an orvhook/off-hook status of the Ine powe r ed codec is powered from en external low 

20 voltage source. The register remains powered and Is not reset during a low power 
condition of the telephone line in an off-hook stahia insufficient to power the fine 
powered components such that the Hne powered codec will retain the off-hook status 
through a power reset to the line powered codec 

Brief Description Of The Drawinoa 

25 Features and advantages of the present invention will become apparent to 

those sklled in the art from the foJ owing description with reference to the drawings, in 
which: 

Fig. 1 shows a simplified example system topology for a fine powered codec 
with extended DC feedback control in accordance with the principles of the present 
30 invention. 
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Fig. 2 shows the resulting line current after the system of Fig. 1 is placed 
off-hook, in accordance with the principles of the present invention. 

Fig. 3 shows the resulting line voltage alter the system of Fig. 1 goes off-hook, 
In accordance with the principles of the present invention. 

5 Fig. 4 shows a block diagram of a line p ower ed codec having a low current 

portion and a high current portion of a line powered codec, in ac cor dan ce with 
another aspect of the present invention. 

Fig. 5 shows a timing diagram useful for explaining the operation of the line 
powered codec as shown in Fig. 4 during a cafl bridge or other interruption of 
1 0 TIP/RING current during an off-hook condition. 

Fig. 6 shows a timing cfiagram useful for explaining the low current startup 
timing of the line powered codec m accordance with the principles of the present 
invention. 

Fig. 7 shows a block diagram of another modem in accordance with yet 
15 another aspect of the present invention. 

PetaBed Description Of Ifesjrajyj &nbodlm«ntm 

A codec for a data access arrangacnant (DAA) Is disclosed which adaptive!? 
allows proper operation with power suppled from a telephone One as conditions 
warrant, whie at the same time satisfying the relevant requirements of many 
20 countries. 

In particular, a codec Is disclosed which Is capable of being powered partially 
and adaptively from telephone line current, as conditions warrant Conventionally, 
several problems associated with line powered codecs have limited or prevented the 
development of a codec which is partially powered by telephone line current For 
25 instance, different regulations In various countries allow the current and/or voltage to 
disappear from the telephone ine for short periods of time, interrupting the source of 
power to a ine powered codec. Thus, a line powered codec must be capable of 
recovering from reset conditions while stifl rriaJntalnrng regulations set by the particular 
country. Conventional line powered codecs return to a default condition after reset 
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When a ine powered codec is designed to be used in a single country, that 
default condition can be set to correspond to that country, ensuring compfance with 
all regulations throughout the reset process. However, if the same codec is then used 
In e different country, the default reset settings of the codec might not comply with the 
5 local regulations (e.g.. AC and/or DC impedance requirements), the codec wil likely 
fall out of complance at least for the brief time after reset, and the codec reverts to Its 
default conditions. In most countries this is unacceptable. 

Thus, line pow e red codecs have conventionally been designed to comply with 
the regulations of a single country. To market a tine powered codec in more than one 
10 country, a manufacturer would have to design and stock a corresponding number of 
models of their ine powered codec Unfortunately, multiple models of a product 
increase costs and cause products utilizing the 6ne powered codecs to be inflexible 
between countries. 

The dsdosed Ine powered codecs overcome the issues associated with line 
15 powering a codec capable of configuration for any of a plurality of countries. 

In particular, the disclosed Ine powered codec overcomes at least the 
following issues otherwise problematic with conventional line powered modems: (a) 
Maintaining customized country-specific register settings (e.g. t setting AC impedance 
values) through a power down of the fine powered portion of the Une powered codec. 

20 (b) Retaining an off-hook condition throughout power down cycles of a line powered 
codec by maintaining register contents throughout e call bridge; (c) Preventing 
oscillation in the telephone Ine caused by repeated shutdown and power-up of a Une 
powered codec due to a low current condition insufficient to fuiy power the fine 
powered codec; and (d) Distributing aval able current draw among the Hne powered 

25 components of a codec through on-hook to off-hook transitions, or off-hook to orv 
hook transitions in i to/it of the greatly different amount of available line current during 
on-hook or off-hook con di tio n s. 

An exemplary startup procedure for an international line powered codec is 
disclosed using certain register settings, e.g., country-specific register settings, which 
30 are powered and maintained from the low voltage side (e.g., from the PC or modem 
side) of the line powered codec. By powering appropriate registers from the low 
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currant draw side (I.e., law voltage side*) of the line powered codec, the programmed 
state of the Ins powered codec can be maintained even through a cati bridge where 
the telephone line looses power tor up to 400 mHlseconds (mS). 

A cal bridge is a temporary Interruption in the fine current from the central 
5 office to the premises t e lephone, and can last as long as 400 mS. Telephone 
regulations specify that the telephone must recover to an off-hook current draw within 
15 mS of the central office restoring power to the telephone line. 

By maintaining power to registers, a default condition is not necessarily 
returned to by the Ine powered codec upon reset due to a power loss in the 
10 telephone line. 

Interface codecs are used In digital data access arrangements (DAAs) to 
provide, among other things. elgrtaJ-to-anaJog and analog-to-dlgftal conversion 
between the analog signals on a telephone line and the digital components such as a 
processor (e.g., digital signal processor (DSP)) in a modem or other appfcation device 
15 utilizing the DAA. 

In order to meet international standards, terminal equipment (modem) must 
seize the One and set the appropriate current according to the country specific 
vottaoe/current (VI) loadine. This must be accomplished within 20 milliseconds (mS» 
to satisfy the requirements of most countries. To set the current this fast the gyrator 
20 which sets the DC current and voltage must be pro-charged. This is typicafiy 
accompSshed with several external components which form various pro-charge fitters 
and an electronic Inductor. 

In addition the ine po w er ed codec should not be turned on if the line current is 
too low to support operation. 

25 Conventional modem codecs address such problems by using external 

components which can be switched in and out based on the requirements of the 
specific country. Unfortunately, the external components needed for this method of 
hardware prog ramm ability increases costs tremendously. 
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in contrast, the present invention provides a codec in a digital data access 
arrangement (DAA) which is capable of retaining programmed settings even through a 
reset condfflcn, vwthcut the need to change or switch external components in or out. 

Rg. 1 shows a simplified example system topology for a line powered codec 
5 with extended DC feedback control in accordance with the principles of the present 
invention. Detafts such as a tuft-wave rectifier (i.e., polarity guard), lightning protection 
circuits, and other details are not shown in Rg. 1 for simplicity of explanation. 

In particular, in Fig. 1. a line powered codec 100 in accordance with the 
principles of the present invention provides the basis for a DAA between a digital 
10 signal processor (DSP) 102 of. e.g., a modem and a telephone line from a central 
office 140. 

In the disclosed embodiment there are two circuits in parallel with one another 
on the line side of the adaptive Bne powered codec 100, across the Tip and Ring 
connectio n s to the telephone Ine from the central office 140. The central office 140 
15 provides an amount of Bne current through a characteristic impedance on the 
telephone Bne as depicted by the series c on n ection of a voltage source 132 (e.g., SO 
volts) and a resistor (e.g., 600 ohms). 

The first parallel circuit on the ine side of the line powered codec 100 
comprises a series connection of e current source 120, a shunt resistor 122, a 

20 transistor 124, and a resistor 126. The current source 120, shunt resistor 122, and 
transistor 124 provide a program ma ble Impedance technique. The Impedance of the 
customer premises equipment including the One powered codec 100 is controtfed by 
the Bne powered codec 100 In accordance with the values of appropriate registers set 
by the DSP 102. The resistor 126 aflows a current in this first parallel circuit to be 

25 measured. 

In accordance with the principles of the present invention, a second parallel 
circuit on the Ine side of the fine powered codec 100 includes a reference capacitor 
130 (Cref) in series with a reference resistor 128 (Rref). Cref and Rref set a reference 
impedance level. 
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The Una powered codec 100 includes en anaJog-to-digita! (A/D) converter 106 
in a receive path, and a digitaMo^analog (D/A) converter 110 in a transmit path. In 
addition, a default current level control module 108 Is added to a transmit path at a 
summation point to depict control of the level of current being drawn from the 
5 telephone Ine. The default current level may be, e.g., 10 mA. 

A DC current module 114 sets the level of DC current generated on the 
telephone Ine by the current source 120. 

A shunt control module 116 generates a voltage sufficient to operate the 

codec. 

10 A DC current measurement module 118 allows measurement of the current 

and vottage of the available power on the telephone fine. 

A current good module 112 determines If the amount of current measured by 
the DC current measurement module 118 is sufficient to allow line powered operation 
of the Dne powered components of the codec 100. 

15 Fig. 2 shows the resulting line current after the system of Fig. 1 is placed 

off-hook. In Rg. 2, the x-axte shows time (in mBlseconda (ms)) and the y-axls show* 
the tip current in mJBamps (mA). 

Fig. 3 shows the resulting Una voltage after the system of Fig. 1 goes off-hook. 
In Fig. 3, the x-axis shows time (ms) while the y-exis shows tip vottage (volts). 

20 The startup procedure of the line powered codec 100 is best described with 

respect to its operation through four statBS alter the Ine powered codec 100 goes into 
an off-hook condition and seizes the telephone line. The four states are arbitrarily 
referred to herein as State A, State B. State C, and State D, and are shown in each of 
Figs. 1, 2 and 3. 

25 The first state (eg.. State A) relates to the Initial moment after the telephone* 

Hne goes off-hook and during which the line powered codec remains in a reset 
condition. The second state (e.g., State B) relates to the time of instability of certain 
line powered components in the codec 100 and during which a capacitor draws an 
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initial surge of current The third state (e.g., State C) relates to the point at which the 
line pow ere d compone nts of the me powered codec 100 become stable and tn* 
rechargeable element provides current back to the tine powered components of the 
fine powered codec 100. The Ine powered codec 100 becomes stable after the thrd 
5 state (State C) is completed (e.g., forming what may be referred to as a fourth State 
D). State D refers to the final state indkating the end of the startup procedure. 

The operation of States A to C are now discussed in more detail, with 
reference to Hps. 1, 2 and 3. 

gtatBfVfe^.Qtolms} 

10 InJtfaQy, the modem flndudmg the DSP 102) causes the line powered codec 

100 to go off-hook and start drawing nearly short circuit rue current In this condition 
(le., in State A>, the majority of the components of the codec 102, I.e., the line 
powered comp on ents of the codec, wfl be in reset This is pictorial ly depicted by e 
figurative switch to ground in element 147. Switch 147 is across the current source 

15 120. Of course, element 147 is for explanation purposes only, and does not 
necessarily constitute an actual switch to ground. The intent of switch 147 is to 
temporarily short the currant source 120 to get a large value of h- flowing at the 
beginning of the off-hook startup procedure. 

The line powered components of me codec 102 are pro-selected such that 
20 their power draw during on-hook conditions wil be less current than the maximum 
alowed from the telephone One in any country of use, e.g., less than 200 rnicroamps 
(uA) of current from the telephone fine. 

During State A, the voltage at the Tip will be maintained at a minimum level, 
e.g.. 5V, while presenting nearly a short circuit to the central office 140. In the given 
25 example, the Tip current (IT) of the codec will be, e.g., 80 mA. 

In accordance with this aspect of the present Invention, the DC current 
measurement, module 110 of the codec 100 measures the Tip current (IT) to 
determine if the available amount of current Is high enough to support operation of the 
fine powered components of the codec 100. The current good module 112 depicts a 
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comparator circuit or similar circuit or digital process to determine if sufficient current 
Is being drawn from tha telephone Hne. 

If me current good module 112 determines mat there Is not sufficient current 
available, the line powered codec 100 wll remain in reset, i.e., in State A. However, if 
5 the current good module 112 determines that the amount of available current being 
drawn from the telephone fine after a given amount of time is sufficient enough to 
support oper at ion of me line powered components of the codec 100, the next state 
(e.g., State B) is entered. In the given embodiment, sufficient current drawn from the 
telephone line to support line powered operation of the codec is an amount of at least 
10 10 mA after 1 msof measurement 

glat»p;(e l g l .1m«to6msl 

After State A successfully determines that there Is sufficient current In the 
telephone fine to power the Ine powered codec 1 00, the codec 100 enters the second 
state, e.g., State B. 

15 In State B, the initial reset state (State A) Is de-asserted and normal operation 

of the fine powered oomponerrts of the codec 100 begins. This includes opening 
switch 147. At this point, the line current (i.e., the Tp current) Is set to a suitable 
default value, e.g., to 10 mA as depicted by the 10 mA control module 108. 

In accordance with the principles of the present invention, an impedance 128 
20 and 130 is charged during State B, as particularly shown in Rg. 2 In the disclosed 
embodiment, the impedance 128, 130 is comprised of a series connection of e 
reference capacitor 130 (Cref) and a reference resistor 128 (Rref). 

Because of the initial drain of charging the Impedance 128, 130, tha default 
current {e.g., 10 rnA set by control module 108) wHI not be reached for e certain 
25 period of time. Thus, State B wffl continue for an amount of time sufficient to allow 
stabilization of the charge to the impedance 128, 130. The charge to the impedance 
1 28, 130 may be considered stabiized when it reaches, e.g., 90% of Its ultimate level 
as depicted in Rg. 2. 
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For example, as shown in Fig. 2, an exemplary amount of time sufficient to 
aBow the disclosed impedance 128. 130 to charge Is 5 mlHseoonds (ra). This 
stabilization time (e.g.. 6 ms) also afow* the analog droits and fitters (e.g., digital 
signal processor (DSP) filters) in the DAA time to stabilize. 

5 After the DAA components have been aJowed to stabilize (e.g., after the 1 ms 

of State A and the 5 ms of State B), State C Is entered. 

In State C. extended DC feedback in a suitable processor supporting the 
codec (e.g., digital signal processor (DSP)) begins to operate. In accordance with the 
10 extended DC feedback feature of the present invention, the supporting processor 
(e.g., DSP 102) models a variable resistor. 

To perform as a variable resistor, the DSP 102 measures the Tip voltage using 
the A/D c on verter 106. Based on the value of the Tip voltage, the DSP 102 wil set 
the value of the Tip current by adjusting the output voltage of the digltatto-analog 
15 (D/A) converter. Thus, the DSP 102 provides extended or additional DC feedback to 
the telephone line ensuring that any of a variety of country's VA loadline wil be met 
within the desired amount of time, e.g., within 20 ms. 

Thus, using the support of extended DC f e edback, the Tip current (IT) of the 
telephone Ine wil converge to a value greater than the minimum acceptable line 
20 current for the specific country, ideally, this convergence will happen as fast as 
possible without causing instabHrbes. 

Although a minimum of 20 ms Is described as satisfying the regulations of 
most countries of current Interest, the specific ine current and convergence time are 
preferably programmably controtad by software parameters in the DSP, allowing use 
25 of the line powered codec 100 In many countries. 

State D: /20 ms to call duration) 



After State C. (i.e., during a subsequent State D), the parameters of the 
system wffl have been met Preferably, the DC loadline will be protected from' 
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disturbances by AC signals. To This end, the DSP is capable of adjusting the DC' 
feedback so that the system appears to the telephone line as a targe inductor. 

in other words the feedback transfer function of the One powered codec 100 of 
the DAA functions as a low pass filter having a cutoff frequency as dose to DC as 
5 possible. This is because fast changes in the DC value are no longer necessary. A 
suitable description of how e digital signal processor (DSP) can be operated to 
emulate a large Inductor Is provided in U.S. Apptcatlon No. 09/310,021, filed May 11, 
1999, entitled "Digital Oyrator*, by J. Fischer, D. LatureU, and L Smith, the entirety of 
which is expressly incorporated herein by reference. 

10 in addition to the issues surrounding the proper power-up of a line powered 

codec as described herein above, a line powered codec is disclosed which is capable 
of retaining an off-hook condition during a call bridge even through an unexpected 
power-down of the fine powered codec due to a low current or low voltage condition 
on the supplying telephone line. These and other aspects of the present invention 

1 5 attow a Ine powered codec to operate and pass homologation testing on low current 
telephone lines. 

Many countries around the world specify mat the Hp/Ring voltage can collapse 
to 0 volts during an active cafl, and (hat the cctapsed voltage level can remain at 0 
volts for up to 400 ma. Thereafter, when the otherwise normal Tip/Ring voltage level 

20 is restored, the current on the telephone line must rise to greater than a certain level, 
e.g., 15 mA within a prescribed amount of time, e.g., within 15 ms, to continue the 
previously established telephone can. Of course, while these values relate to a worst 
case scenario for many countries, these values are only exemplary as each particular 
country may have a different specification as to how long the voltage can remain at 0 

25 volts, how fast the device (e.g., modem) must respond when the voltage is returned, 
etc. 

To set up a telephone call, a conventional codec typically includes several 
programmable registers which are programmed to set gain, control startup timers and 
go off-hook. However, this presents a problem for a arte powered codec which is 
30 placed in the high voltage section (i.e., the Ine side) of a modem. 
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For Instance, when the voltage of the Bne (Le.. at Tip/Ring) collapses, e.g., to 
substantia ly 0 volts, a tine powered codec wfl be caused to reset Thereafter, when 
power is reappied to the telephone line from the central office, me Ine powered 
codec wfl again power-** and enter its default state, i.e., an on-hook state. 

5 This leads to a difficult synchronization problem for the controller of the 

modem (e.g.. for the DSP) because the conventional controller has no knowledge of 
when the voltage of the tine (Le.. Tip/Ring voltage) has been restored, and therefore 
may be unable to re-estabish the line powered codec back into its previously off-hook 
state quickly enough to meet the requirements of the particular country, e.g., to 15 mA 
10 within 15 ms, 

In accordance with this aspect of the present invention, a call bridge (i.e., 
TIP/RING voltage collapses to 0 VDC) can be maintained in e way which meets the 
requirements of many countries without the need for additional country-specific 
components to be switched In and out 

15 Rg. 4 shows a block diagram of a Bne powered codec having a low current 

portion and a high current portion of a line powered codec, In accordance with 
another aspect of the present invention. 

In particular, si Fig. 4, the ine powered codec includes both e low current 
portion 402 and a high current portion 404. The low current portion 402 and the high 
20 current portion 404 are powere d separately. The high current portion 404 is powered 
entirely from the power derived from the telephone hne. However, Importantly, the low 
current portion 402 obtains power from the low voltage side of the line powered codec 
400 (I.e., from the modem side). Appropriate Isolation may be used for signals 
passed between the low current portion 402 and the high current portion 404. 

25 The high current portion 404 contains most of the circuitry of the Hne powered 

codec 400, with the exception of those registers and timers 420 which should be 
maintained through a reset conoltion of the tine powered codec 400 caused during a 
tine power-down. For simplicity, only the circuits relevant to the current disclosure are 
shown in the Ine powered codec 400 of Fig. 4; Relevant to the current discussion is a 

30 voltage and current detection circuit 422. 
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The registers and timers 420 are always powered from the low voltage side 
(i.e.. the left side of Fig. 4) of the One powered codec 400, e.g., from a charge storage 
device 171 such as a charged capacitor and not from the telephone Ine. On the 
other hand, the co mp onents deriving power from the high current portion 404 on the 
5 high voltage side (i.e., the right side of Fig. 4) of the Ine powered codec 400 are 
always powered from the t el eph on e ine from the central office 140. 

The voltage and current detection circuit 422 senses the current and voltage 
level in the telephone Hne during a reset conc9flon of the line powered codec 400. If 
sufficient current and voltage are detected by the voltage and current detection circuit 
10 422, then en activation signal is provided to the appropriate state machine logic (or 
appropriate processor) to allow power-up of the high current portion 404 of the line 
powered codec 400. 

The charge storage device 171 (e.g., a charged capacitor) Is charged from an 
appropriate source on the low voltage side of the fine powered codec 400. In the 
15 dsdosed embodiment, the dock out (e.g., a differential dock out signal) Is used with 
appropriate diodes to form a charge pump to charge the charge storage 171 device 
when the dock signal is active. 

In operation, the tine powered codec 400 Is placed in an off-hook condition, 
e.g.. when the modem controier 102 writes a particular off-hook control bit to an 
20 appropriate register 420 In the low current portion 402 of the line powered codec 400. 
At this point an external switch hook (In 410) Is closed and current flows Into the Ine 
powered codec from the telephone One. 

The voltage/current detection module 422 inside the high current portion 404 
of the Une powered codec 400 monitors the voltage and current of the line (I.e., the 
25 Tip/Ring voltage and current). W both voltage and current are high enough for the 
components in the high current portion 404 of the Hne powered codec 400 to operate, 
an ap p ro priate signal is sent to the low current portion 402 of the Ine powered codec 
400 causing an activation of a startup timer sequence based on the timers 420 In the 
low current portion 402. 
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Altar the line powered codec 400 is up and running, various country 
regulations allow for the vottage and/or current on the telephone fine from the central 
office 140 to be interrupted. In this case, rf the vottag e and/or cunerrt from the central 
office 140 are interrupted, the vottage and current detect droit 422 wil trip and 
5 activate the startup sequencer based on the timers 420 in the low current portion 402, 
whioh In turn wl activate the analog and other drcuitry in the high current portion 404. 
During this interruption of power, data transmitted to the modem con t roBe r 102 wtH 
enter a reset condition, e.g.. become al zeroes. 

In this reset condition, the cfigttaJ circuitry in the tow current portion 402 of the 
10 line powered codec 400 wiS draw very rninimaJ current In accordance with this aspect 
of the present invention, current necessary to maintain the registers in the low current 
portion 402 of the Ine powered codec 400 wil be suppfied from the tow voltage side 
of the line powered codec 400 for the necessary amount of time, e.g., for up to 400 
ma. 

15 The modem controller 102 supplies the necessary power using, e.g.. charge 

pumping from, e.g., a dock signal or other osdlatlng signal and an external capacitor. 
The charge pump allows a much smaller and more practical charge storage capacitor 
171 to be used to power the low current side 402 during the call bridge. A sutabfe 
description of an exemplary charge pump is provided In U.S. Application No. 

20 08/192,651, filed November 16, 1998. entitled Xornblnallon Clock And Charge Pump 
For Una Powered DAA", by T.E Fuehrer, K.E. Hollenbach, D. LatureH. and S.B. 
Winner. 

At this point, ail registers 420 in the tow current portion 402 of the line powered 
codec 400 retain their previously maintained values which they were programmed to 
25 from their default values, including, e.g., a bit or bits setting an off-hook condition 
which established a cat bridge at the time that Hne powered was interrupted. 

After the Sne power interruption and the central office voltage returns within an 
allowed amount of time, e.g., within 400 ms, the vottage and current detect circuit 422 
wil output an appropriate activation signal e.g., from low to high, to the state machine 
30 logic, and the original startup sequence wffl repeat based on the maintained timers 
and registers 420 but with the recog ni tion that although the high current drawing 
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droJtry wiB be in reset due to the power lose, the activation of the startup sequence 
does not reset the devices powered off the low voltage side of the fine powered codec 
100, e.g.. the register or timer values in the registers and timers 420 on the low 
current portion 102 of the line powered codec By leaving the registers in place 
5 without being reset during a power cycle of the high voltage side of the line powered 
codec 100, call status (e.g., an off-hook condition) can be maintained. 

After TIP/RING power has been restored, the Ine powered codec 400 can 
immediately again draw at least the minimum amount of current e.g.. at least 15 mA 
within, e.g.. 15 ms without requiring interaction from the modem controller 102. If 
10 Interaction were to be required from the modem controler 102. the required speed to 
re-estaMshment of the current draw (Le., the 15 mA) would be seriously Jeopardized. 

Fig. 5 shows a timing diagram useful tor explaining the operation of the line 
powered codec as shown In Fig. 4 during a call bridge or other interruption of 
TIP/RING current during an off-hook condition. 

15 in particular, in the example of Fig. 5, the voltage from the central office 140 

collapses for a period of less than 400 mS, as shown in waveform (a). Waveform (b) 
shows the activation signal output from the voftage and current detect circuit 422. 
Waveform <c> and (d) show that a call had been established before the voftage 
interruption in portion 502. end shows that the components powered in the high 

20 current portion 404 of the fine powered codec 400 wiS enter a low power off-hook idle 
state 504 wherein the high current co mp onents wil be held in a reset condition. At 
this point, the voltage/current detect droit 422 wil snoop the telephone line to detect 
either an incoming ring signal and/or when sufficient voltage is returned to the 
telephone line. 

25 After the voltage level returns from the central office 140. a startup sequence 

506 is initiated in response to the activation signal as shown in waveform (b) based on 
the timer values and register values maintained in the registers/timers 420 in the low 
current portion 402 of the line powered codec 400. Then, very quickly before the 
maximum allotted time, e.g., 15 mS, the off-hook condition of the components in the 

30 high current portion 404 of the line powered codec 400 again draw the required 
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current from the telephone line and continue op erati on as if the interruption hadn't 
occurred as shown In waveform (d) of Fig. 5. 

The Hne powered codec 400 wil of course power-up and begin operation when 
there Is sufficient current on the telephone ine afiowing the line powered codec 100 to 
5 do so. However, the Rne powered codec 100 must not power up during tow current 
contftions to avoid power draw oscatafions on the telephone Ene otherwise caused by 
a repeated power-up and power-down of a conventional ilne powered codec due to 
an insufficient amount of power evaBaWe on the telephone ine from the central office 
140. In a ccordan ce with the principles of an aspect of the present invention, the 
10 disclosed fine powered codec 100 determines before it draws full current (e.g., 7 mA) 
from the telephone line whether or not there Is enough currant available to do so. 

Marty countries around the world specify that the Tip/Ring current can be 
anywhere from 300 uA to 5 ma during an off-hook condition. This current Is generally 
too low to support a modem cat using current modem circuitry. 

15 For instance, shows the retattonahJp of the central office current in waveform 

(e) with respect to the off-nook signal In waveform (a), the vottage detection signal m 
waveform (b), the current detection signal In waveform (c), and the on-hook/ofT-hook 
status of the line powered codec 100. The codec current detect remains low 
indicating there is insufficient Hne current for proper modem operation, and the codec 

20 high current section 404 Is kept in reset 

The relevant governing body sp ec i fie s regulations that the impedance looking 
into the modem must be low enough to appear as a short circuit during these low 
current connections for several hundred ms. The regulations also require that the 
voltage at the fine (he., the TTp/Rtrg voltage) does not osdlata. Conventional ine 
25 powered codecs may oscillate if powered from the telephone line, In violation of such 
regulations. 

For instance, since the active circuitry on a typical modem will draw more than 
5 ma, simply turning the modem ON wHI cause the line vottage at the Tip to collapse, 
causing the active circuitry of the modem to turn OFF. Once the active circuitry turns 
30 off, the voltage wffl rise again. Then, when the Bne voltage again becomes high 
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enough to turn the modern circuitry back ON, this start process would repeat and 
appear as an escalation, violating the governing regulations. 

A conventional solution to the osci la ti o n problem is to place al circuits which 
draw significant current on the Sow voltage side of the modem (he., on the PC 
5 powered side). Unfortunately, this conventional solution requires additional 
components and additional high voltage to low voltage isolation devices which would 
otherwise not be required if the components could be powered from the line. These 
additional components and isolation devices result In a more expensive and 
potenfefly less reliable device than if the device were powered from the fine. 

10 In accordance with the principles of the present invention, as shown in Fig. 7, 

individual components or drcutts inside the Sne powered codec 100 may be set to 
draw power either from a power bus drawing power from the telephone line on the 
high current portion 804. or to a power bus drawing power from the low voltage side. 
e.g., from the modem controller 102. 

15 In particular, as shown in Fig. 7. a fine powered codec 100 includes circuits 

which always draw power from the low voltage side of the Ine powered codec 100, 
e.g.. the registers and timers 420. and circuits which always draw power from the high 
voltage side (i.e.. the telephone fine side) of the line powered codec 100, e.g., the 
voltage/current detection drcurt 422. Other drcufts 832 which am otherwise powered 

20 by the telephone sne are switched between being powered from the telephone line 
{e.g., using a 2.7 volt power rail derived from the telephone line) or from the modem 
controfler 102 (e.g.. using a 5 volt power rail suppfled from the modem controller 102). 
This switching is depicted in the switch 834 shown Hi Fig. 7. As shown in Fig. 7 (and 
in Fig. 4). a Zener diode 189 may be used across the charge storage device 171 to 

25 limit the voltage level of the charge storage device 171 . 

At the begsining of the off-hook startup procedure, the Ine powered codec 
100 causes the external components 410 to draw as much current as possible from 
the central office (Le., resulting In as close a short circuit as possible), while at the 
same time powering only those devices on the power rail In the high current portion 
30 804 of the Una powered codec 100. For instance, the voltage/current detect circuit 
422 remains powered from the telephone line. Preferably, at this time, only modules 
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which draw low current are turned on in the line powered codec 100, atowing the 
majority of the available current to bypass the line powered codec 100 and be 
measured by the vortaoe/cunnent detect circuit 42Z 

The current which bypasses the One powered codec 100 is monitored by the 
5 current detect portion of the vottage/current detect circuitry 422. If the monitoreO 
current is too tow to turn on and operate the ine powered codec 100. the output of the 
current detect circuit 422 wA remain inactive (low) and the device wfl remain in this 
low line impedance state until instructed by con ft oi e r 102 to terminate the cell attempt 
and qo back on-hook. However, tf there is sufficient currant and voftaQe detected to 
10 allow operation of the line powered codec 100 from the fine, then the output of the 
vottaoeycurrent detect circuit 422 wtfl activate, e.g., wil go from 0 to 1 indicating that 
there is enough voltage to operate the Hne powered codec 100. The startup 
procedure discussed with reference to Rgs. 2 and 3 is then followed to establish the 
modem connection. 

15 This sequence of sensing the telephone fine current capacity allows a line 

powered codec which draws more than 5 mrUiamps (mA) current during normal 
operation to pass the relevant low One current stability tests. 

Not only is dtetributtan of the current draw from the telephone Ine Important 
during low current conditions as just descrtoed, olstrfbutlon of the current draw from 
20 the telephone Ine Is also important during transitions from on-hook to off-hook and 
from off-hook to on-hook. 

In operation, before going off-hook, the modern corttroBer 102 writes particular 
control vakjes to one or more registers 420 In the line powered codec 100 to set up a 
telephone cal. This may include, e.g., setting up system gains, startup timer values. 
25 and/or Initiating an off-hook sequencer based on the timers 420 In the low current 
portion 802 of the line powered codec 100. 

To accomplish this, many droits must be turned ON Inside the Hne powered 
codec 100. For Instance, a serial input/output (SIO) device, a data and dock receiver, 
a data transmitter, timers, etc must be turned ON to set up a modem connection. 
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When these circuits are turned ON, the total currant draw of the combined modules 
may be several hundred microampa. 

This may not be a problem when the modem Is stil In an on-hook condition 
because most countries allow at least 500 uA to be drawn from the central office 
5 during stgnaJing conditions. Thus,, sufficient current can be drawn by switching la 
e.g.. a 100K resistor across the Tip/Ring when needed. The Tip/Ring voltage is 
typteaty greater than 50 volts while in an on-hook condition Therefore, ample 
current. e.g., 500 uA wilt be available for use in powering the codec. 

However, when the codec goes into an off-hook condition, the Tip/Ring 
10 voltage may fal, e.g., to 6 vote. This would leave less than, e.g., 60 uA for use by the 
olgital circuity. Moreover, ring detect is performed while in an on-hook condition. All 
of the previously mentioned olgital circuits are needed in the fine powered codec 100, 
in addition to a bandgap, reference circuit, bias circuit aneVor anaJog-to-dlgrtad (A/D) 
dfeitatto-analog (D/A) converters. Much of this circuitry is also needed when the 
1 S modem goes into an off-hook condition. 

To make the circuitry work, the circuitry would conventionally need to be 
duplicated and adjusted for operation in either an on-hook condition or an off-hook 
condition. Unfortunately, duplication of the drcuitry that is needed while in on-hook 
and off-hook conditions would require a significant amount of area in the silicon of an 

20 integrated circuit resulting in inefficiency. Another conventional solution would be to 
place as much of (he circuitry as possible on the low power (e.g., PC or non-line- 
powered) side of the Tip/Ring interface. However, such a solution would require 
additional and duplicated components to work property with the circuits on the high 
current telephone line powered side, signific an tly increasing the total cost of the 

25 system. 

tf at any time the voltage and/or current from the central office 140 drops 
(which could occur during a call bridge where the Tip/Ring voltage fals to 0 vote for 
up to 400 ms), the circuitry which is used to communicate with the modem controller 
102 is switched using the switching rnechanism 834 to draw power from a current 
30 supply from the low power side (e.g., to a 5 vo* tow current supply) provided by the 
charge storage device 171. 
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Thereafter, when the current from the central office 140 returns to e suitable 
level, the startup process is repeated. The startup process is activated by en 
activation signal provided by the voltage/current detect circuit 422 to the timer 
sequencer logic on the low current portion 802 of the Bne powered codec 100. 

5 In operation, the fine powered codec 100 is placed in an off-hook condition 

when the modem controls r 102 writes an appropriate control value to an appropriate 
register brt or bits in the codec. At this point, an external switch hook is dosed and 
current flows into the fine powered codec 100 from the telephone arte. 

Relevant analog circuits (e.g., bandgap and/or bias circuits) are then switched 
10 to a power supply rafl supplied by the telephone Qne, e.g., to a 2.7 volt power supply 
rail. However, at that time, preferably higher current drawing circuits, e.g., circuits 
which receive dock and data and transmit data, are not yet switched to be powered 
from the 2.7 volt power supply rai. 

This is done because the current from the central office 140 may not be high 
15 enough to support the higher current drawing circuits, e.g., the analog circuits which 
are needed to maintain corrvnunicalton with the modem controller 102. Instead, the 
voltage/current detect circuit 422 Inside the line powered codec 100 monitors the level 
of the voltage and the leva! of the available current of the line at the Tip/Ring. If both 
voltage and current are detected as being sufficient to power operation of the line 
20 powered codec 100, an activation signal b output from the ventage/current detect 
circuit 422 to the low current portion 802 of the line powered codec 100 to allow 
activation of the startup timer sequence. At this time, the power rails of blocks 332 
and 838 are switched by 834 to be powered from the telephone line using the 2.7 volt 
power bus inside the codec 100. 

25 In a particular given example, the Kne powered codec 100 may include four or 

more power rails. 

Permanent power rails may be established for each of the low voltage side 
and high voltage side of the line powered codec 100. 

For instance, a first power rail (e.g., VDDA) may be associated with high 
30 current drawing devices only necessary for operation once full power is provided by 
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the telephone Hne, e.g M with an A/D converter, a D/A converter, and other high current 
analog, anoVor digital circuits. The voftage/current detect circuit 422 may also be tied 
to the first power rail VDOA so that it may perform to snooping operation! during low 
power conditions from the telephone fine. The first power rail VDDA may be 
S constantly connected to draw power from the telephone One when the modem Is off- 
nook. As an example, the first power ral VDDA may be adjusted to 2.7 volts, 
although other voltage (avals may be implemented. 

A second power rafl (e.g., VDDM) may be associated with the registers and 
timers 420 necessary to maintain a given state of the line powered codec through a 
10 power down reset condition. The second power rail VDDM may ba constantly 
connected to draw power from the low voltage side of the line powered codec 100. 
e.g.. from the charge storage device 171. The second power rail VDDM may be 
adjusted to 5.0 volts (e.g.. using a Zener dtode 189), although other voltage levels 
may be implemented. 

15 In addition to the permanent power rails, one or more swrtchabte power rails 

may be Implemented in the Hne powered codec 100 to aftow powering of associated 
devices from either the low vottage side or the high voltage side of the tine powered 
codec 100. For instance, a third power ral (e.g.. VDDBG) may be swttchaWy 
arranged to draw operating power either from the first power rat VDDA or from the 

2D second power rail VDDM. depending upon the available current from the telephone 
fine. Example devices In the fine powered codec 100 which may be powered from the 
third power rail VDDBG Include, e.g., oandgap reference circuits, voltage reference 
circuits in general, and other relatively low current drawing devices. 

Similarly, a fourth power ran (e.g., VDOAM) may be switehabJy arranged to 
25 draw operating power either from the first power rafl VDDA or from the second power 
rail VDDM. The fourth power ral VDDAM may be associated with, e.g., circuits 
Interfacing to the modem controller 102 and/or other high current devices. 

In an on-book condition, both the third power rail VDDBG and the fourth power 
rail VDDAM are switched or connected to the second power rail VDDM. In response 
30 to the detection of an off-hook condition, the thfrd power ral VDDBG is switched to 
the first power ral VDDA. At this point, the fourth power rail VDDAM remains 
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connected to the second power ral VDDM because the tine powered codec 100 does 
not know at that point whether or not sufficient current and voltage c»i be drawn from 
the tel ep h on e line to sufficiently power the devices connected to the fourth power ral 
VDOAM. Thereafter, once the current and voltage on the telephone fine are 
5 determined to fully power the Una powered codec 100, the fourth power raj VDOAM Is 
switched to the first power rail VDDA. 

While the invention has been described with reference to the exemplary 
preferred ernbodlmertts thereof, those skfltod in the art wil be able to make various 
modifications to the described embodiments of the invention without departing from 
10 the true spirit and scope of the Invention. 
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A fine powered data access arrangement (DAA) Is disclosed which adapovefy 
alow* proper operation with power suppled from a telephone line as condNons 
warrant, whle at the same time satisfying the relevant requirements of many 
countries. In the fine powered codec, a startup procedure for the international line 
powered codec uses register settings, e.g., countoy-specfflc register settings, which 
are powered and maintained from the low voltage side (e.g., from the PC or modem 
side) of the line powered codec. In this way, even during low fine power conditions 
the programmed state of the fine powered codec can be maintained, thus a default 
condition will not necessarily returned toby the Kne powered codec upon reset due to 
a power loss in the telephone line, m another aspect, a charge storage device such 
as a charge capacitor is charged from a charge pump formed from a differential dock 
signal from the low voltage side. A current and voltage detection module in the line 
Flowered codec is always powered from the telephone Ine. Upon detection of an off- 
hook signal or a power down condition, the current detection module determines 
if/when the current and voltage on the telephone line is sufficient to power carta* 
circuits on the Ine powered codec. If sufficient power is not present, the line powered 
codec does not power up. However, the toe powered codec wi M power up if sirfficient 
current is detected. In another aspect a plurality of power rails may be provided. A 
first power rail may be associated with the line power, a second power rail may be 
associated with a low voltage side power source, e.g., a charge storage device. A 
third (and other) power rails may be swftchably connected to either the first power ral 
or second power ral as line power conditions and on-rKX>k/off-hook conditions 
warrant 
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